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Studies on the Parasitic Helminths of the North 
Central States. 1. Helminths of Sciuridae* 
Robert Rausch 
Department of Veterinary Science, College of Agriculture, 
University of Wisconsin, Madison 
Jack D. Tiner** 
Depa.rtment of Zoology and Physiology, University of Illinois, Urbana 
It is accepted that a fair degree of completeness is being achieved in our 
knowledge of North American mammals and birds. It can be assumed that 
nearly all the described species of the higher vertebrates are parasitized by 
helminths, but many of these helminths probably remain undescribed, and 
little is known of their geographical distributiotn. Very little information is 
available on the incidence of the parasites, or their effect on the host. 
Information concerning host-parasite relations should be cf interest to 
workers in wildlife managemenlt, in order to have a more nearly complete 
knowledge of the ecology involved. The writers concede that from the stand- 
point of helminthology alone, information pertinent o life cycles is of basic 
importance at present. However, we hope that survey data can be used to 
advantage by those wishing to conduct such research. 
Over the past few years, beginning in 1942, we have made examinations of 
a large number of animals representative of the fauna of the North Central 
States, and it is our intention to present the resulting data, by host group, as 
they are completed. While it is true, in some cases, that additional examina- 
tions would yield information of value, circumstances have often made it 
necessary to discontinue work with a given group after studying only a fairly 
representative s ries of specimens. In order to use the time most economically, 
we have followed the practice of co'lecting without concentration on a single 
group or species. This has also contributed in part to a lack of an adequate 
number of animals from some localities. 
The planning of this study, and most of the Ohio and Michigan collecting, 
was carried out by the senior author, who is also responsible for cestode and 
trematode identifications. The junior author identified the nematodes encoun- 
tered, and assisted in collecting. We regret that there were no specialists in 
such fields as entomology, bacteriology, and mammalogy available to make 
further use of the material which came through our hands. Whenever possible, 
study skins and skulls of this and other material were deposited in recognized 
collections. 
6 A contribution from the Department of Veterinary Science, University of 
Wisconsin. The work done in Wisconsin was supported in part by the Research 
Committee of the Graduate School from funds supplied by the 'Wisconsin Alumni 
Research Foundation. 
4 Formerly of the University of Wisconsin. 
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The carefully-organized collaboration fElton, Ford, Baker, and Gardner 
(1931) in their investigations of the diseases and parasites of rodents hould 
stand as a model for this type of study. 
Source of Material 
A total of 325 sciurids, collected by the writers in Ohio, Michigan, Illilnois, 
and Wisconsin, was examined, among which the following were represented: 
fox squirrel, Sciurus niger rufiventer Geoffroy; southern gray squirrel, Sciurus 
c. carolinensis Gmelin; northern gray squirrel, Sciurus carol nensis leucotis 
Gapper; red squirrel, Tamiasciurus budsonicus ubspp.; chipmunk, Tarnias 
striatus subspp.; eastern flying squirrel, Glaucomys v. volans (L.); northern 
flying squirrel, Glaucomys sabrinus macrotis Mearns; 13-lined ground squirrel, 
Citellus t. tridecemlineatus (Mitchill); Franklin's ground squirrel, Citellus 
franklini (Sabine); woodchuck, Marmota monax subspp. Certain of these 
were not identified to subspecies, ince this has little value in the present 
study, and such identifications areoften difficult without large series for com- 
parison. The host names are according to Bole and Moulthrop (1942), and 
Burt (1946). 
In addition to the specimens mentioned above, through the kindness of 
Dr. Clarence E. Mickel, a number of helminths from Minnesota sciurids was 
made available to us for examination. This collection included the helminths 
ftom 11 least chipmunks, Eutdmias minimus jacksoni Howell; 1 gray squirrel, 
S. carolinensis bypophaeus Merriam; 3 fox squirrels, S. niger rufiventer; one
13-lined ground squirrel, C. t. tridecemlineatus; and3 woodchucks, M. monax 
subsp. With the author's permission we have also included the unpublished 
results of the survey of Ohio squirrels by Katz (1938), which was based on 
the examination of72 southern gray squirrels, S. c. carolinfnsis; and 16 fox 
squirrels, S. niger rufiventer. 
The localities from which the material was examined are shown on the 
map (Fig. 1) to the nearest county. The counties, according to the numbers 
used to designate them, are as follows: 
OHIO MICHIGAN 23. Dodge 
1. Butler 13. Ingham 24. Fond du Lac 
2. Darke 14. Cheboygan 25. Shawano 
3. Wood ILLINOIS 
4. Seneca 15. McHenry MINNESOTA 
5. Wyandot WISCONSIN 26. Fillmore 
6. Marion 16. Barron 27. Scott 
7. Union 17. Buffalo 28. Hennepin 
8. Delaware 18. Jackson 29. Ramsey 
9. Franklin 19. Juneau 30. Carlton 
10. Fairfield 20. Satuk 31. St. Louis 
11. Scioto 21. Dane 32. Cook 
12. Ashtabula 22. Columbia 33. Carver 
The localities are referred to below in the separate considerations ofthe 
helminths, in order to show their distribution. The parasite distribution is 
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considered irrespective of host species, since the number of host animals exam- 
ined was not sufficient to allow otherwise. 
Results 
A total of at least 33 species of helminths was encountered during the 
course of the present study. The results of the examinations made by the 
writer are shown in Table 1. Data taken from the work of Katz (1938) are 
listed in Table 2, and those regarding the Minnesota mater al are shown in 
Table 3. It should be noted here that the total number of Minnesota sciurids 
examined was not known, so no information is available concerning incidence 
of helminths from the animals of that area. 
The helminths are considered separately below, according to species. The 
numbers in parentheses refer to the counties listed above, and indicated on 
the map (Fig. 1). 
31 
* 16'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
20 23 13~~~~~~~~1 
Fig. 1.-Map of the North Central States showing localities from which material 
for this study was obtained. Counties in solid black are those from which the host 
animals were examined by the writers. 
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CESTODA 
Nine species of cestodes were collected by the writers; of these, 6 were 
adult, and 3 were larval forms. Cestodes, in general, were uncommon. in tree 
squirrels, but abundant in ground squirrels from some localitics. 
ANOPLOCEPHALIDAE 
1. Catenotaenia pusilla (Goeze, 1782) (11, 14, 18, 21). Found in the 
small intestine of the host, this cestode was collected by the writers from one 
fox squirrel, and from three northern flying squirrels. Katz (1938) recorded 
what was probably this species from the southern gray squirrel and the fox 
squirrel. All infections were light, consisting of but a single worm each, except 
fol one animal which contained two worms. The life cycle of C. pusilla has 
recently been elucidated by Joyeaux and Baer (1945), and the intermediate host 
was shown to be a mite. These workers, as a result of their investigations, 
removed the genus from the family Dilepididae, and placed it in the family 
Anoplocephalidae. 
2. Andrya sciuri Rausch, 1947 (18). Parasitic in the small intestine of tha 
host, the present species was taken twice from the northern flying squirrel. 
Another member of the genus, A. primordialis Douthitt, 1915, has been 
recorded from North American squirrels, but we did not encounter it. Unfor- 
tunately, we were not able to obtain enough specimens of the host animal 
to determine how commonly A. sciuri occurs, or what its geographical distribu- 
tion might be. Although the life cycle of cestodes of this genus is not known, 
the intermediate form is possibly found in a mite, as is the case with the other 
members of the family where the life cycle is known. 
The helminths found in the two species of flying squirrels examined by us 
differed sufficiently that it would be of considerable interest o examine animals 
flom the area where the ranges of these species overlap. 
HYMENOLEPIDIDAE 
3. Hymenolepis diminuta (Rudolphi, 1819) (3, 11, 16, 18, 21, 23, 24, 
25, 29). Parasitic in the small intestine of the host. Although common in 
ground squirrels in some areas, this cestode occurred rarely in tree squirrels. 
Katz (1938) recorded what was probably this species from the southern gray 
squirrel and fox squirrel in Ohio; we collected the species only in Wisconsin, 
however. As many as 42 specimens of this cestode were taken from the small 
ii-testine of a single 13-lined ground squirrel; ordinarily flom 1 to 6 specimens 
were present. The tree squirrels, Franklin's ground squirrel, and the chipmunk 
infected with this species contained a single specimen each. The two specimens 
examined from tree squirrels were much larger than any of the others. 
McLeod (1933) described Hymenolepis citelli from ground squirrels in 
Manitoba. Except for the single specimen from the chipmunk, discussed below, 
all specimens of Hymenolepis collected by us from squirrels agree closely 
with McLeod's description. However, we were not able to differentiate hem 
from specimens of H. diminuta taken from Ohio rats. Since the characters 
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used by McLeod seem to be somewhat variable, we recommend that H. citelli 
(McLeod, 1933) be considered a synonym of H. diminuta (Rudolphi, 1819). 
Hughes (1941) did not consider H. citelli in his key to the species of the 
genus Hymenolepis. 
4. Hymenolepis sp. (21). Found in the large intestine of the host, a single, 
incomplete specimen was taken from a chipmunk collected at Madison, Wis- 
consin. Specific determination was not possible, but it resembled somewaht H. 
fraterna Stiles, 1906, in its morphological details. 
MESOCESTOIDIDAE 
5. Mesocestoides latus Mueller, 1928 (13). A single large worm belong- 
ing to this species was taken from the small intestine of a fox squirrel, collected 
at East Lansing, Michigan. This parasite has not previously been recorded 
from squirrels, and certainly it is not a common parasite of this host group. 
Although a considerable number of fox squirrels (44) was examined from 
the same area. and most of these from the same woodlot from which the 
infected animal was collected, no other infection by this cestode was detected. 
It is worthy of note that other mammals (raccoon and opossum), collected 
from the same woodlot, were rather commonly infected with M. latus. In 
view of the life cycle of this group of cestodes (Schwartz, 1927), it seems 
unlikely that squirrels ordinarily would be exposed to infecrion. It was of 
interest o note that manv gravid segments were present in the strobila of this 
specimen. 
TAENIIDAE 
6. Taenia pisiformis (Bloch, 1780) (13). A single infection by this para- 
site was recorded. Eleven cysticerci were removed from the body cavity of a 
fox squirrel. Brown and Yeager (1945) reported the species from squirrels 
in Illinois, but it cannot be considered a common parasite of squirrels. Since 
there was a high infection of rabbits in the intermediate area, and since dogs 
were commonly found in the woodlot from which the infected squirrel was 
collected, it seems that squirrels must ingest numerous eggs which never 
develop. It would be most interesting to know why this development can take 
p3ace in certain individuals only, as is apparently the case. 
7. Taenia taeniaeformis (Batsch, 1786) (13). Larval forms of this cestode 
were removed twice from liver cysts of the fox squirrel. It has previously been 
recorded from North American squirrels, but is not a common parasite in this 
group. It is of interest o note that the two infected squirrels were taken dur- 
ing the winter months of January and February. Concurrent work with the 
meadow vole (Microtus p. pennsylvanicus Ord), of which 345 specimens were 
examined from a field adjacent to the woodlot where the infected squirrels 
were collected, showed a definite peak of infection with T. tamniaeformis 
during winter and early spring. Nine per cent of the voles were infected. 
According to Miller and Gardiner (1934), the presence of cysticerci of this 
species in rats confers an active immunity which prevents the onchospheres 
from establishing themselves during any subsequent exposure. 
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8. Unidentified cestode. (13). Fragments of a single cestede were taken 
from the small intestine of a red squirrel. The condition of these was such 
that identification was not possible. 
9. Unidentified cysticerci. (23). Six very small cysticerci, some of which 
were degenerating, were removed from the liver of a single 13-lined ground 
squirrel. It is possible that these are larval forms of one of the bird cestodes, 
such as Cladotaenia. Since ground squirrels form a major item in the diet of 
the badger, one might expect cysticerci ofthe badger cestode, Taenia taxidien- 
si Skinker, 1935, to be found in these squirrels. When compared with adult 
worms from badgers, however, itwas found that the hooks differed greatly. 
A double row of 38 hooks was present on the cysticerci; these measured 15 
and 6 ju long. 
TREMATODA 
Trematodes are uncommon i  the North American sciurids. We collected 
otnly three species belonging to this group. 
NOTOCOTYLIDAE 
10. Quinqueserialis hassalli (McIntosh and McIntosh, 1934) (21). A 
heavy infection of this species of trematode was encountered inthe cecum of 
a single woodchuck, from which it has not previously been reported. The in- 
fected animal had its den at the immediate margin of a large, stagnant pond, 
and snails, probably ingested with vegetation, were found in the intestine when 
the autopsy was made. Infection with this parasite might depend much more 
upon the habitat and food habits of the host than upon natural immunity. In
the area covered by us, the meadow vole is the only other host from which we 
have recorded this trematode. 
DIPLOSTOMIDAE 
11. Fibricola nana Chandler and Rausch, 1946 (13). Two specimens of 
this trematode were taken from the small intestine of a red squirrel. It is 
probable that such small helminths a these are often overlooked in routine 
examinations, since they only can be detected when the intestinal content is 
examined under the low power of the microscope. The life cycle is not known. 
As pointed out previously (Chandler and Rausch, 1946) this is apparently 
the first strigeid to be recorded from sciuricis. 
BRACHYLAEMIDAE 
12. Scaphiostomum pancreaticum McIntosh, 1934 (21). One of the few 
kelminths encountered which occurred outside the intestinal tract, S. pancr- 
aticum was found in the pancreatic ducts of the chipmunk. This trematode 
was first recorded (McIntosh, 1934) from northern Michigan. We found it 
only in Wisconsin, where most of the chipmunks examined were collected. It 
was found in adult animals only, although several young, nearly full grown, 
were examined. It is of interest to note that the infected animals were taken 
near a large lake. It is not clear to us what effect the parasite might have on 
the host. 
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NEMATODA 
Most of the helminths encountered by us in sciurids belonged to this 
group. Nematodes occurred in larger numbers than did either cestodes or 
trematodes. 
STRONGYLOIDIDAE 
13. Strongyloides sp. (13, 16, 20, 21). This nematode was found uncom- 
monly in the small intestine of three species of tree squirrels. Because of its 
small size, it might be very easily overlooked. Chandler (1942) described S. 
robustus from squirrels in Texas. S. papillosus (Wedl) was recorded from the 
southern gray squirrel by Reiber and Byrd (1942). 
TRICHOSTRONGYLIDAE 
14. Citeilinemd bifurcatum Hall, 1916 (1, 3, 6, 11, 13, 15, 17, 18, 19, 
21, 22, 26, 28, 32). The most common nematode found by us in the sciurids, 
C. bifurcatum has been recorded from several host species over an area extend- 
ing from Colorado, Wyoming, and Saskatchewan eastward to Maine. It has 
not been found south of Tennessee and Maryland, nor in east Texas. Infec- 
tions were usually light in the animals examined by us. In the fox squirrel 
from 1 to 42 specimens were found, with an average number of 9. 
15. Heligmodendrium hassalli (Price, 1928) (11, 16, 17, 18, 20, 21). 
Aithough fairly common in Wisconsin, the writers did not find this species 
in sciurids collected from the rest of the region. Katz (1938) recorded this 
species only from the southern tip of Ohio, where its incidence appeared high, 
and Price (1928) recorded it from Maryland. Harkema (1936), Chandler 
(1942), and Graham and Uhrich (1943) have reported this nematode from 
areas farther south than those from which C. bifurcatum has been recorded. 
Data concerning the distribution of both species appear to be far from com- 
plete. Infections were generally light in the three species of tree squirrels from 
which we recorded this helminth, although in one case 438 worms were taken 
from a single fox squirrel. 
16. Trichostrongylus calcaratus Ransom, 1911 (20, 21). This nematode, a 
common parasite of rabbits, was found in the fox and gray squirrels in Wis- 
ccnsin A single male, with unusually short spicules, but which otherwise 
resembled this species, was found in the chipmunk. T. calcaratus is, however, 
evidently better adapted to rabbits than to squirrels. We did not find it in 
squirrels in Ohio or Michigan, although it has been taken from rabbits from 
both areas, and in some cases from immediate woodlots from which squirrels 
were collected. In Wisconsin a maximum of 2 specimens was removed from 
a single sciurid host; on other occasions isolated male or female specimens 
occurred. In one instance, a single male T. calcaratus, in conjunction with 33 
Strongyloides females, caused considerable difficulty in the identification of 
the latter. Graham and Uhrich's (1943) finding of 11 specimens in a single 
fox squirrel would indicate that this animal may serve as host to moderate 
numbers of this helminth, on occasion. The life cycle of T. calcaratus is direct. 
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17. Obeliscoides cuniculi (Graybill, 1924) (6, 7, 13). Apparently a com- 
mon parasite of the woodchuck in Missouri, Ohio, Michigan, and Minnesota 
(Rausch and Tiner, 1946). According to the report by Dalke (1942), 0. 
cuniculi shows a definite decrease in the cottontail during the winter months. 
Erickson (1944), however, found higIh infections in the snowshoe hare in the 
spring (March). While we unfortunately had an insufficient umber of wood- 
chucks to check this, it was noted that all infected woodchucks were taken 
during the month of July, or later in the summer. This perhaps indicates that 
the woodchuck is relatively free from this parasite when emerging from hiber- 
nation. We found 9 woodchucks, collected before July 1, to be free from this 
paarsite, while 8 animals, collected after this date, were infected, and 4 were 
uninfected. 
18. Boehmiella wilsoni Lucker, 1943 (17, 21, 33). Interesting questions as 
to the epidemiology of B. wilsoni seem to be posed by the fact that infections 
with it were rare and minimal. Five out of a total of 39 gray and fox squirrels 
taken in the vicinity of Madison, Wisconsin, were infected w th a single female 
each. We did not find this parasite in the rest of Wisconsin, 'but a single 
male came from Minnesota. United States National Museum records would 
indicate that it was collected on three occasions from the southeastern states 
of West Virginia, Virginia, and Georgia during the years 1897-1943 (Lucker, 
1943). The unusually large size of this trichostrongyle makes its detection 
almost inevitable when the stomach wall and contents are examined with 
ordinary care. 
OXYURIDAE 
19. Enterobius sciuri Cameron, 1932 (7, 13, 15, 21). This was the com- 
mon helminth parasitic in the eastern flying squirrel. It was of especial 
interest hat, from an area with a radius of about one-half mile, 73 sciurids 
of 5 species were taken (East Lansing, Michigan), of which only 8 were 
infected with this worm. Six of 11 flying squirrels and 2 of 53 fox squirrels 
were parasitized by E. sciuri. Two chipmunks, 5 red squirrels, and 2 wood- 
chucks were not infected. Of two Wisconsin fox squirrels that harbored this 
nematode in the cecum, one contained only a gravid female, while the other 
was extremely emaciated, apparently because of a severe case of mange (a 
condition rather commonly observed by us in at least 3 squirrel species, and 
which on a few occasions obviously was the cause of the death of the host). 
and harbored several hundred E. sciuri of all ages, including 40 gravid 
fcmales. It has been collected from the eastern flying squirrel in Ohio and 
northern Illinois, but we have so far failed to find the northern flying squirrel 
infected. As far as we have been able to determine, this parasite, described 
from the American gray squirrel in Scotland, has not previously been recorded 
from this continent. Our data would indicate that it is an American species, 
and that the flying squirrel is the normal host in the North Central States. 
In all cases, the nematode was found in the cecum of the host. Future 
workers are cautioned to use careful sedimentation methods, and to examine 
the sediment under the low-power microscope, in order to find this helminth, 
which is readily overlooked because of its extremely small size. Life cycle 
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studies on E. sciuiri might be of interest, since it is remotely related to a human 
parasite. 
20. Syphacia thompsoni Price, 1928 (14, 18). This nematode occurred in 
atl of the 5 northern flying squirrels examined by us, but it was not found in 
the eastern flying squirrel. Price (1928) described S. thompsoni from the 
latter species in Virginia. The persistent failure of North American investi- 
gators to find this parasite in other sciurids might indicate a high degree of 
host specificity for flying squirrels. However, Li (1933) has reporte:l S. 
thompsoni from Sciurus vulgaris and Sciurotamia davidianus in China. 
21. Syphacia sp. (32). Fourd only in the cecum and large intestine of the 
least chipmunk, this nematode appears to represent an undescribed species. Its 
description is being undertaken by the junior author. We have no idea of the 
distribution of this helminth, since the host animal was not obtained from 
Michigan and Wisconsin where, in the area considered, it also occurs. The 
report of Syphacia sp. in large numbers in the California ground squirrel by 
Linsdale (19.46) and the finding of a single S. obvelata in Eutamias amoenus 
by Rankin (1945) are of interest, especially since females of the present 
species are not easily distinguished from S. obvelata. 
22. Citellina marmotae Manter, 1930 (14, 30). Manter (1930) has 
recorded this helminth from Maine, and we are able to extend its range to 
northern Michigan and Minnesota. Of the two infections found by us, one 
was quite heavy, with an excess of 400 worms, while the other was lighter, 
with about 100 wormns. 
ASCARIDIDAE 
23. Ascaris sp. (6, 7, 9, 21). Immature ascarids were found by the writers 
oni three occasions. Katz (1938) reported Ascaris lumbricoides Linnaeus, 1758, 
from squirrels, as did Brown and Yeager (1945). However, since Linsdale 
(1946) has reported what appeared to be A. columnaris Leidy, 1856, from 
the California ground squirrel, Citellus beecheyi (Richardson), we do not 
consider our material adequate for definite specific determination. The squirrels 
examined by the writer might easily have become infected with either species, 
since A. lumbricoides is a common parasite of swine, and A. columnaris is 
commonly found in some of the carnivores (raccoon, skunk, badger), in the 
region where the material was collected. It seems questionable whether these 
ascarids are able to mature in squirrels. Perhaps it can be assumed that A. 
laevis Leidy, 1856, may be identical with one of the above forms rather than 
with T. pigmentata von Linstow, 1897, as has been suggested by Hall (1916). 
Ascaris laevis was described from a single female occurring in the woodchuck. 
THALAZIIDAE 
24. Rictularia halli Sandground, 1935 (21). We are of the opinion that 
the specimens of Rictularia from the gray squirrel and chipmunk in Wisconsin 
belong to the species of R. halli Sandground, 1935, since the males found in 
these hosts seem to agree with Sandground's description. It may be shown, 
by the study of additional material, that R. halli is identical with the species 
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discussed below, previously described by McLeod (1933). Infections with R. 
halli were light (1 to 7 worms; average number 2 per host). As has been the 
usual experience with this genus, far more females than males were recovered. 
We do not, however, consider this a result of overlooking the males, because 
of their small size, but rather that it is a peculiarity of the group. 
25. Rictularia citelli McLeod, 1933 (21, 29). We could not distinguisl 
the females of this species from those of R. halli; however, a comparison of 
the single male collected by us with a male loaned by Dr. McLeocd indicated 
that our material from the 13-lined ground squirrel cannot yet be considered 
identical with R. halli. This species occurred more abundantly in the host than 
the preceding one (1 to 19 worms; average number 3.6 per host). 
26. Rictularia sp. (6, 7, 8.) Collected by us only in Ohio, and reported by 
Katz (1938) from that area, and by Graham and Uhrich (1943) from south- 
east Kansas, this species closely resembles R. onychomis Cuckler, 1939, but 
differs in morphological details. Additional information concerning some of 
the species of Rictularia will be presented in the near future (Tiner, unpub- 
lished data). 
SPIRURIDAE 
27. Spirura michiganensis Sandground, 1935 (21). This nematode was 
collected only from the chipmunk, in central Wisconsin. It is of interest o 
note, in connection with the following species, that a considerable number of 
13-lined ground squirrels were taken within a quarter of a mile of the local'ty 
where the infected chipmunks were collected. None of the chipmunks had 
more than 3 of these nemato&es in the small intestine, with an average number 
of 2 worms. 
28. Spirura infundibuliformis McLeod, 1933 (29). A single 13-lined 
ground squirrel, collected at St. Paul, Minnesota, was infected with this 
species. Dr. A. B. Erickson, St. Paul, Minnesota, should receive credit for 
the original identification. The number of male pre-cloacal papillae varies 
from 10 to 12 on each side in this species, and from 5 to 8 in S. michiganen- 
sis. This difference appears to be the chief means of distinguishing the two 
forms. 
PHYSALOPTERIDAE 
29. Physoloptera sp. (21, 25, 29). Immature forms belonging to this genus 
were taken by the writers from the northern gray squirrel, Franklin's ground 
squirrel, and the 13-lined ground squirrel. It also occurred in the latter species 
in Minnesota. Physaloptera massino Schulz, 1926, has been reported (Mor- 
gan, 1943) from the fox squirrel and 13-lined ground squirrel in Wisconsin 
and Minnesota, and McLeod (1933) has reported the same species from 
ground squirrels in Canada. These nematodes were uncommon in the animals 
examined during the course of the present study. 
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TRICHURIDAE 
30. Trichuris sp. (21). This nematode occurred twice in the chipmunk, 
but material was not adequate to allow for specific determination. Members 
of this genus apparently are uncommon in sciurids of this region, although 
they may occur commonly in other rodents. 
31. Capillaria sp. (3, 7, 11, 15, 21). The small size of this parasite, and 
its tendency to adhere closely to the intestinal wall, may account in part for 
its seeming scarcity. Although recorded from the northern gray squirrel, 
Franklin's ground squirrel, chipmunk, and flying squirrel, it occurred com- 
monly in only the last two species, and in greatest numbers (maximum of 
about 40) in the chipmunk. Katz (1938) recorded Capillaria sp. from the fox 
squirrel and southeni gray squirrel in Ohio. 
A few specimens of nematodes were obtained, which, usually because of 
immaturity, could not be identified. These are not considered here, although 
they are Iisted in Tables 1 and 3. 
ACANTHOCEPHALA 
GIGANTORHYNCHIDAE 
32. Macracanthorhynchus hirudinaceus (Pallas, 1781) (6, 8). A total of 
5 adult worms of this species was taken from two fox squirrels, collected in 
central Onio, and a single immature specimen was found attached to the 
mesentery in the body cavity of a chipmunk, from the same area. The occur- 
rence of this helminth in squirrels has previously been reported (Rausch, 
1946). The local distribution of this parasite, in its normal host, is not clear. 
As far as we have been able to determine, it is not found over much of the 
area considered in this paper. 
MONILIFORMIDAE 
33. Moniliformis sp. (32). A few specimens belonging to this genus 
cccurred in the least chipmunk in Minnesota. The condition of these was 
such, however, that specific determination was not made. Chandler (1941) 
recorded M. clarki (Ward, 1917) from Sciurus and Citellus in the "mid- 
Western states," and McLeod (1933) recorded M. spiradentatis from Citellus 
spp. in Canada. The status of the last-mentioned species is not clear. The 
occurrence of Moniliformis in North American squirrels has recently been 
reviewed by Chandler (1947). Helminths of this genus are uncommon in the 
sciurids of the North Central States, although they occur commonly in 
squirrels in other areas (Chandler, 1947). We have recorded only one other 
species of Moniliformis from this region, M. dubius, collected from moles, 
Scalopus aquaticus macbrinus (Rafinesque), in Ohio. 
Discussion 
Although the ecology of the sciurid hosts has a close connection with 
their parasitism by helminths, it is doubtful that the changes which have 
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occurred in the distribution of the squirrels themselves have greatly affected 
the parasites. 
The changes in land use which have taken place since settlcment of the 
region under consideration have strongly influenced the distribution and abun- 
dance of the squirrel species. This has been especially evident in the replace- 
ment of the gray squirrel by the fox squirrel over much of the area, as clearing 
of the forest has made suitable habitat for the latter. This has been well 
described for Michigan by Allen (1943). Except for isolated colonies (e. g. 
Columbus, Ohio, and Detroit, Michigan) the gray squirrel is now absent 
from the heavily cultivated, glaciated section of Ohio, and from southern 
Michigan. In southern Wisconsin both species occur together, and in Illinois 
this is also tlle case, with the fox squirrel predominating (Brown and Yeager, 
1945). 
The 13-lined ground squirrel becomes more abundant with overgrazing of 
pasture land, and appears to be extending its range eastward, where it is now 
fcund to central Ohio. Franklin's ground squirrel is found as far east as the 
western edge of Indiana. The latter is sporadic in its occurrence in southern 
Wisconsin, where the specimens examined for the present study were collected. 
The red squirrel is found abundantly over Ohio and southern IVIchigan, 
especially along streams. This species was quite common in the oak-hickory 
woodlots in central Ohio, but seems to have decreased during the last few 
years. In Wisconsin it is uncommon south of the coniferous forests, and prob- 
ably absent from Illinois, according to Brown and Yeager (1945). 
The eastern flying squirrel is widely distributed, but has been reduced in 
number by the removal of suitable den trees from many woodlots. The north- 
ern species has been less disturbed, and appears to be abundant in some parts 
of the area considered in the present paper. 
The woodchuck is widely distributed, and is found in a wide variety of 
habitats, from deep woods to cultivated fields. We found it especially abun- 
dant in central Ohio, and numerous in southern Michigan. It is not, however, 
common in southern Wisconsin, and we were unable to secure an adequate 
series from this region. In central Ohio, at least, this species has increased 
considerably during the past few years, partly as a result, perhaps, of lessened 
shooting. 
The chipmunk is found over much of the region with which we are con- 
cerned, but in many areas it is not numerous. This is especially true of central 
and western Ohio, where, when it does occur, it is uncommon. The destruction 
of suitable habitat may in part be responsible for this. However, Aldo Leo- 
pold states (personal communication) that he has failed to observe this species 
in an area in central Wisconsin where he has made observations for several 
years, and where the habitat apparently is quite suitable. The least chipmunk 
is confined to the northem edge of the region under consideration. 
Several questions arise when one considers the incidence and distribution 
of squirrel helminths over the area from which our material was obtained. 
Unfortunately, an inadequate number of host animals, a lack of intensive 
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collecting in some areas, and unequal numbers of animals from the general 
areas involved make it impossible to treat these matters in detail. Future work, 
c!one intensively on a local scale, as well as the examination of many more 
host animals, will contribute much to the understanding of the epidemiology 
of the sciurid helminths found in this region. 
It is of interest o note that no helminths were taken from 31 specimens 
of 13-lined ground squirrel taken in central Ohio, but 40 per cent of the 49 
specimens collected in Wisconsin were parasitized by helminths. The few 
Franklin's ground squirrels examined from southern Wisconsin were lightly 
parasitized. McLeod (1933), who examined 236 specimens of three species 
of the genus Citellus in Canada, also found relatively fewer parasites in this 
species. The question arises whether mammals collected from marginal range 
may show differences in the extent to which they are parasitized, when com- 
pared with specimens collected from areas representing more nearly optimum 
conditions. 
It has been found in some cases (Erickson, 1944) that helminth parasites 
of a species increase as the host approaches the greatest density in the popula- 
tion cycle. We do not have sufficient sciurid material to allow any consider- 
ation of this; neither do the sciurids of this region show the spectacular 
fluctuations in number seen in certain other mammals. However, we have not 
found any definite indication of this in other host animals. Of 345 meadow' 
voles, Microtus- p. pennsylvanicus Ord, examined over a period of 13 months 
from one area, of which time 9 months preceded a typical abrupt decrease 
in number of animals, there was no evidence of unusual parasitism when 
compared with about 100 voles collected during the previous two years from 
other areas, during population lows. At the time of the population decrease, 
even animals heavily infected with such helminths as Protospirura sp. showed 
no evidence, as far as we could determine, of physical injury. 
A total of 21 foxes examined during the unusually high population den- 
sity of the winter of 1946-1947 also showed no evidence of an abnormal degre! 
of parasitism. Of these animals, all but one were parasitized by helminths; 10 
foxes contained Physaloptera sp. in the stomach, with an average of 8.5 worms 
per animal; 6 animals were infected with Taenia sp., with an average of 4.6 
worms per animal; 12 animals were infected with ascarids, with an average of 
21 worms per animal. The part played by helminths, if any, in connection 
with cyclic fluctuations of the numbers of host animals is certainly not clear. 
The sciurids collected in Wisconsin were, both quantitatively and qualita- 
tively, more heavily parasitized than those collected in Ohio and Michigan. 
Flowever, since equal numbers were not collected each year from each area, it 
is impossible to determine the amount of variation in the degree of parasitism 
from year to year. 
It is of interest o note that certain of the helminths (Impalaia sp. and 
Mecistocirrus p.) recorded by Brown and Yeager (1945), from squirrels in 
Illinois, were not collected by us. Certain other omissions from our list can be 
attributed in part to geographical distribution of the parasite, or its host. 
We observed no macroscopic lesions, clinical symptoms, or any injury to 
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the sciurids examined by us attrLbutable to helminth infections, and we assume 
that the physical condition of the parasitized animals was normal. McLeod 
(1933) states that certain of the squirrel helminths recorded by him often 
have a detrimental effect on the host, but our data do not support this. Con- 
current studies on other groups of mammals and birds definitely tend to 
substantiate our conclusion. 
The following data, while meager, are of intercst. Of 59 fox squirrels 
weighed, the 39 non-parasitized specimens averaged 702.1 grams, while the 20 
parasitized animals averaged 743.5 grams. Most of these specimens were taken 
during the winter and early spring. One fox squirrel, the most heavily infected 
individual encountered by us, contained the following helminths: T. calcara- 
tus, 1 specimen; C. bifurcatum, 2 specimens; H. hassalli. 438 specimens; Stron- 
gyloides sp., 33 specimens. It is of interest o note that this animal weighed 
820.0 grams, and, as far as we could determine, was in excellent physical con- 
clition. 
Of 27 specimens of 13-lined ground squirrel weighed (males only, because 
of the great difference between the weights of the sexes) 13 negative animals 
averaged 159.3 grams, while 14 parasitized animals averaged 159.9 grams. In 
the case of the ground squirrel, the animals were all adults which had hiber- 
nated during the previous winter, and which were taken in thz spring before 
reproduction began. 
Species of helminths are not considered in the above examples. The slight 
d;fferences in the average weights probably would not have occurred if based 
on a larger series of animals. These data are meant to serve only as an indica- 
tion that we could observe no appreciable difference in the physical condition 
of the parasitized and non-parasitized animals, and we do not imply that the 
data have statistical value. 
There can be no question that if young animals were exposed to heavy 
infections, at least with some of the trichostrongyles, fatalities would result. 
This has already been shown by Sarles (1932), using rabbits, for one of the 
species found by us (T. calcaratus), and it is a generally accepted principle 
relating to domestic animals. Our data indicate that in the North Central 
States, during the years and for the areas considered, the helminths were only 
potential mechanisms of population control. The trichostrongyles rarely 
e3ceeded 10-15 specimens per host. However, Harkema (1936) conisistently 
found about 100 specimens of H. hassalli per animal in the southern gray 
squirrel in North Carolina. Some of these helminths may be more important 
in other areas. 
Our results indicate that some of the internal parasitcs are a1le to survive 
the winter in at least some of the sciurids which hibernate (13-lined ground 
squirrel and Franklin's ground squirrel), since several of these were parasi- 
tized in the spring when collected just after emergence, and before any of the 
hciminths could have matured from newly-ingested larvae. 
This paper can only be considered a beginning in the study of the hel- 
minths parasitic in squirrels. Future examinations of more material over a 
wider area may change the present outlook. 
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ADDITIONAL OBSERVATIONS 
After this paper had been submitted for publication, one of us (R. R.) 
had the opportunity to collect specimens for parasitological study in Manitoba. 
Certain of the data resulting from these examinations are of interest in con- 
nection with what has already been presented above. 
Citellinema bifurcatum was found to be a common parasite of the northern 
red squirrel, Tamiasciurus h. hudsonicus (Erxleben), as far north as Garland, 
Manitoba. It was also recorded from Richardson's ground squirrel, Citellus 
richardsonii (Sabine) from this area and from farther south, at Ochre River, 
Manitoba. Thi, nematode was recorded from the latter host by McLeod 
(1933). 
Seventeen specimens of Trichuris p. were also taken from a Richardson's 
ground squirrel at Ochre River. This nematode was not recorded by Dr. 
McLeod in his survey of ground squirrel parasites. 
While investigating an outbreak of botulism in water birds at the south 
end of Lake Dauphin, near Ochre River, two specimens of C. richardsonii 
were collected. The burrows of these animals were on the immediate margin 
of a small stream, which ran through an area which had been inundated for 
some months. One of these animals, about two-thirds grown, was found to 
be infected with Plagiorchis proximus Barker, 1915. Fourteen trematodes 
were taken from the small intestine of this animal. Plagiorchis proximus is 
a common parasite of the muskrat, but apparently has not previously been 
recorded from Richardson's ground squirrel. Muskrats occurred in the area 
from which the infected animal was collected. 
We were fortutiate in being able to record Ascaris lumbricoides from a 
fox squirrel collected in St. Croix County, Wisconsin, on September 9, 1947. 
A mature male, measuring 174 mm long, with over 50 pairs of precloacal 
papillae was taken from the small intestine of the animal, along with a 
smaller, immature specimen. 
This provided our first opportunity to verify the specific identity of the 
Ascaris from squirrels of the North Central States. It would seem probable 
that this parasite was of porcine rather than human origin, since hogs are 
abundant and frequently infected with ascarids, over the region studied. 
Whether Ascaris columnaris can also infect squirrels remains to be checked 
experimentally, orconfirmed by field observation. 
We wish to call to the attention of those interested in the epidemiology 
of Ascaris lumbricoides that we still lack evidence that tree squirrels ever 
serve as reservoirs of infection. The small size of the lumen of the squirrel 
intestine as compared with the cross-sectional rea of the adult worm would 
seem to preclude the chances of fertilized eggs being distributed on a very 
large scale. 
So far as we have been able to determine, there is no report of A. lumbri- 
coides ova being found in any sciurid. Baylis and Daubney (1922) failed to 
consider the question, and specimens reported by Katz (1938), and Graham 
and Uhrich (1942) were immature. Ova were absent from an adult female 
collected by Brown and Yeager (1945) (personal communication from Dr. 
L. J. Thomas). 
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TABLE 1.-Animals examined by the writers. 
No. ex- No. in- 
Host amined Parasite fected 
Sciurus niger rufiventer -94 Taenia taeniaformis - 2 
Taenia pisiformis - .1 
Hpmenolepis diminuta -- 2 
Catenofaenia pusilla -1 
Mesocestoides latus -1 
Rictularia sp. -2 
Ascaris sp. - .---2 
Ciellinema bifurcalum -21 
Heligmodendrium hassalli -. - 5 
Trichostrongplus calcaratus - 2 
Boehmiella wilsoni - 2 
Strongploides p - . --2 
Enterobius sciuri . --4 
Macracanthorh_nchus hirudinaceus -2 
Sciurus c. carolinensis -.- . 6 00 
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TABLE 1 -(Continued.) 
No. ex- No. in- 
Host amined Parasite fected 
Sciurus carolinensis leucotis - 27 Rictularia halli - - 3 
Ciellinema bifurcatum - 8 
Heligmodendrium hassalli - 5 
Trichostrongylus calcaratus - 3 
Boehmiella wilsoni - - 3 
Strongyloides sp. - - 4 
Physaloplera sp. - - 
Capillaria sp. - - 2 
Tamiasciurus hudsonicus - 19 Fibricola nana -1 
Unidentified cestode -1 
Rictularia sp -1 
Ascaris sp. -1 
Citellinema bifurcatum - 5 
Heligmodendrium hassalli -1 
Strongyloides sp. -1 
Tamias striatus -43 Scaphiostomum pancreaticum - 3 
Hymenolepis diminuta -1
Hymenolepis sp -1 
Rictularia halli -9 
Trichostrongylus sp. -1 
Spirura michiganensis - 6 
Trichuris sp. -2 
Capillaria sp -9 
Glaucomys v. volans -20 Citellinema bifurcalum -1 
Enterobius sciuri -12 
Capillaria sp. -6 
Glaucomys sabrinus macrotis - 5 Catenotaenia pusilla -- 3 
Andrya sciuri -2 
Citellinema bifurcatum - 2 
Syphacia thompsoni -- 5 
Citellus t. tridecemlineatus 89 Hymenolepis diminuta - 13 Cysticercus sp- - 1 
Rictularia citelli - 9 
Phypaloptera sp -2 
Citellus franklini -10 Hymenolepis diminuta -1
Physaloptera sp. -1 
Capillaria sp- - 1 
Marmota monax -21 Quinqueserialis hassalli -1 
Citellinema bifurcatum -1 
Obeliscoides cuniculi -- 8 
Citellina marmotae . 2 
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TABLE 2.-Animals examined by Katz. 
No. ex- No. in- 
Host amined Parasite fected 
Sciurus niger rufiventer -16 Hymenolepis sp. -1 
Citellinema bifurcatum - 4 
Heligmodendrium hassalli - 2 
Rictularia sp. -1 
Capillaria sp- 1 
Sciurus c. carolinensis -72 Catenoiaenia sp. -4 
Hymenolepis sp. -4 
Rictularia sp -7 
Ascaris lumbricoides -1
Citellinema bifurcatum -25 
Heligomodendrium hassalli - 50 
Capillaria sp. -1 
TABLE 3.-Helminths from Minnesota collection. 
No. ex-* No. in- 
Host amined Parasite fected 
Sciurus niger rufiventer -3 Citellinema bifurcalum -1 
Boehmiella wilsoni -.1 
Unidentified trichostrongyle -1 
Sciurus carolineniis hypophaeus - 1 Citellinema bifurcatum -1 
Unidentified trichostrongyie -1 
Citellus t. tridecemlineatus - 1 Hymenolepis diminuta -1
Rictularia citelli -1 
Spirura infundibuliformis -1 
Physaloptera sp. -1 
Marmota monax -3 Citellina marmotae - 2 
Unidentified oxyurid -1 
Eutamias minimus jacksoni - 11 Rictularia sp -1 
Citellinema bifurcatum - 2 
Syphacia sp -8 
Moniliformis p. - 1 
6 The number of negative animals examined is unknown. 
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